Tripeptide derivatives for the treatment 
of postlesional diseases of the nervous system 



The invention relates to the use of tripeptide derivatives 
for the treatment of postlesional diseases of the nervous 
system, particularly those of necrotic origin such as e.g. 
ischemia, trauma or intoxication. 

Background art 

Ischemia of nerves or of nervous tissue is generally caused 
by vascular diseases, e.g. due to embolism or a thrombosis. 
The nerves of the central nervous system may be effected 
thereby, e.g. by a cerebral infarction. Ischemia ultimately 
leads to the necrotic death of the affected tissue. 

A traumatic impact may also lead to such a death of the 
nerves. For example, spinal cord injuries and mechanical 
lesions of peripheral nerves are known. Moreover, 
environmental influences due to toxic substances, e.g. heavy 
.metals, may result in a necrosis of nerves. 

New therapeutic approaches for such nerve injuries comprise 
the administration of neurotrophic factors or of 
neurotrophines to which a significant influence on the 
survival, growth and differentiation of discrete neuronal 
populations is ascribed. The neurotrophine family includes 
nerve growth factor (NGF) , brain derived neurotrophic factor 
(BDNF) , neurotrophine- 3 (NT-3) , neurotrophine- 4 (NT-4) and 
the CNTF- family (ciliary neurotrophic factor) . Neurotrophines 
are small basic proteins with a molecular weight of 26 to 
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28 kDa. NGF is the best characterised member of the 
neurotrophine family which shows activity in many, different 
tissues . 

In the peripheral nervous system (PNS) NGF is critical to the 
development of sympathetic and certain sensory nerves. In the 
central nervous system (CNS) , NGF serves a trophic role in 
the development and maintenance of cholinergic neurons of the 
basal forebrain. It also plays a role in adult CNS tissues in 
neuronal regeneration . 

The use of neurotrophic factors for the treatment of 
postlesional neuronal diseases of e.g. traumatic, ischemic or 
toxic origin has not attained the expected success up to now. 

Particularly in the case of the treatment of nerve injuries 
in the brain, neurotrophic factors are not suitable since 
they may not pass the blood-brain barrier and are thus not 
available for parenteral or enteral administration. 

The stimulatory effect on nerve growth required for the 
treatment of postlesional diseases is to be distinguished 
from a nootropic effect of substances, as described for 
example in EP 0 316 218 Bl, which is only observed 
temporarily during administration, but does not provide a 
permanent nerve regeneration. 

Summary of the invention 

Therefore, it is the object underlying the present invention 
to provide substances which stimulate nerve growth and are 
thus suitable for the treatment of postlesional neuronal 
diseases as e.g. those of ischemic, traumatic or toxic 
origin . 

This object of the present invention is solved by the use of 
compounds of the following formula (I) : 
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(I) 



wherein X represents OH, (C!_ 5 ) alkoxy, NH 2 , NH-C^s-alkyl, 
N(Ci_ 5 alkyl) 2 ; 

Rl is a residue derived from any of the amino acids Phe, Tyr f 
Trp, Pro, each of which may optionally be substituted by a 
(Ci_ 5 ) alkoxy group, a (0^5) alkyl group or a halogen atom, 
and Ala, Val, Leu, or lie; 

R 2 is a residue which is derived from any of the amino acids 
Gly, Ala, lie, Val, Ser, Thr, His, Arg, Lys, Pro, Glu, Gin, 
pGlu, Asp, Leu and Asn; 

R 3 and R 4 independently represent H, OH, (Ci_C 5 ) alkyl, or 
(Ci_ 5 ) alkoxy, provided that R3 and R 4 are not both OH or 
(C1-5) alkoxy; 

R 5 represents H, OH, (C1.5) alkyl or (Ci_ 5). alkoxy; 
and wherein Rq represents a group of the formula 




wherein Y represents -CO-, -CH 2 CO-, -CH 2 CH 2 CO-, 
-CH 2 CH 2 CH 2 CO-, -CH=CH-CO or -OCH 2 CO- , and wherein Z 
represents a halogen atom, a trif luormethyl group, (C1..4) 
alkoxy group, (Ci_ 4 ) alkyl group; or wherein two neighbouring 
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substituents may form a (C1..3) alkylenedioxy group; and 
wherein n is 0 or an integer of from 1 to 5; 
or pharmaceutical]^ acceptable salts thereof; 

for the preparation of a medicament useful in the treatment 
of postlesional diseases of ischemic, traumatic or toxic 
origin. 

Detailed description 

If not indicated otherwise, the amino acid residues may be 
present both in the D-form as well as the L-form, the L-form 
being preferred. 

Preferred are compounds of the formula (I) in which R^ is a 
residue derived from the amino acid lie or one of the amino 
acids Phe, Tyr, Trp, which each may be optionally substituted 
with one or more ((^5) alkoxy groups, (C!_ 5 ) alkyl groups or 
one or more halogen atoms, particularly a residue which is 
derived from lie or Phe which is optionally substituted with 
one or more (C^s) alkoxy groups, (^^5) alkyl groups or one 
or more halogen atoms . 

In formula (I), X is preferably (C^s) alkoxy, NH 2 , NH- (C1-5) 
alkyl or NfC^s alkyl) 2 , more preferred are NH 2 , NHCCn^) 
alkyl and N(C!_3 alkyl) 2 . 

R 2 is preferably a residue derived from the amino acid Gly or 
He. 

R 3 and R 4 preferably independently from each other represent 
H, (C1-5) alkyl or (^-5) alkoxy, provided that R 3 and R 4 are 
not (Cx_ 5 ) alkoxy, more preferred are H, (C;^) alkyl or (Ci_ 
. 3) alkoxy. 

R 5 preferably represents H, (Ci_5> alkyl or (C1..5) alkoxy, 
particularly preferred are H, (C;l_3) alkyl or (C;^) alkoxy. 
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Rq is preferably a cinnamoyl residue. 

For particularly preferred compounds of formula (I), Rq is 
preferably a cinnamoyl residue, Ri is a residue which is 
derived from Phe which is optionally substituted with one or 
more (C x _ 5 ) alkoxy groups, (Ci-s) alkyl groups or one or more 
halogen atoms, or which is derived from the amino acid lie, 
R2 is a residue derived from the amino acid Gly or lie, R3, 
R4 and R 5 represent a hydrogen atom, X is NH2, NH-(Ci_3) 
alkyl or N(C 1 . 3 alkyl) 2 . 

Most preferred compounds of formula (I) are cinnamoyl - gly cyl - 
L-phenylalanyl-Ii-prolineamide, cinnamoyl -isoleucyl - 
phenylalanyl-L-proline ethylamide, cinnamoyl- isoleucyl - 
isoleucyl -prolineamide, or a pharmaceutically acceptable salt 
thereof - 

The abbreviations used for the amino acids (Phe for 
phenylalanine etc. as well as partially the one -letter- codes 
used below, such as F for phenylalanine) are known to the. 
skilled person (see e.g. Beyer and Walter, Lehrbuch der 
Organischen Chemie, 21st edition, S. Hirzel Verlag Stuttgart 
1988). Hence, Phe means phenylalanine, Gly glycine etc.. The 
expression ,! a residue derived from the amino acid Phe" thus 
means a benzyl (-CH 2 -C 6 H 5 ) residue. Accordingly, "a residue 
derived from the amino acid Gly" means a hydrogen atom, "a 
residue derived from the amino acid Ala" a methyl group etc.. 

The synthesis of the tripeptide derivatives used according to 
the present invention is not particularly limited and can be 
carried out according to known methods, preferably stereo- 
specific processes of peptide chemistry in which the L- or 
D-conf iguration of the respective amino acids or their 
derivatives is maintained. Particularly suitable are the 
syntheses disclosed in EP 0 316 218 Bl. 
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The compounds of formula (I) used according to the present 
invention are lipophilic substances and suitable for enteral 
and in appropriate formulations for parenteral 
administration . 

An administration in a dose of 1 to 5 mg per kilogram 
bodyweight per day, preferably 75 to 375 mg per day is 
usually effective- To achieve the neuro- regenerative effect, 
an administration over several days (for example at least 4 
or 5 days) is generally preferred. 

The tripeptide derivatives to be used according to the 
present invention show a very low toxicity- In mice, using 
dosages of up to 1000 mg/kg p.o. according to the Irwin test, 
no lethal or cramp causing effects were observed. 

The tripeptide derivatives may be used for the production of 
pharmaceutical compositions which are suitable for 
administration in different ways, e.g. parenteral 
(intravenous, intramuscular, subcutane) , via the respiratory 
tract (buccal, sublingual, nasal, bronchial), the transdermal 
route (percutane) and the enteral route (peroral) . 

The pharmaceutical compositions of the present invention 
further contain a pharmaceutically acceptable excipient, 
pharmaceutical ly acceptable diluents or adjuvants. Standard 
techniques may be used for their formulation, as e.g. 
disclosed in Remington 1 s Pharmaceutical Sciences, 20 th 
edition Williams&Wilkins, PA, USA. 

The administration form is selected depending on the 
administration route and comprises inter alia tablets, 
capsules, powders and solutions. 

For oral administration, tablets and capsules are preferably 
used which contain a suitable binding agent, e.g. gelatine or 
polyvinyl pyrrolidone, a suitable filler, e.g. lactose or 
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starch, a suitable lubricant, e.g. magnesium stearate, and 
optionally further additives. Preferred are formulations 
containing 75 to 225 mg, more preferably 100 to 20 0 mg, of 
the tripeptide derivate per administration unit, e.g. per 
tablet or capsule. 

A particularly preferred formulation for oral administration 
is a coated tablet containing 100 mg Cinnamoyl-Gly-Phe-ProNH2 
as well as microcristalline cellulose, maize starch, Povidon 
25, Crospovidon, Macrogol 4000, titanium dioxide (E171) , and 
ferric oxide (E172) . 

For parenteral administration, sterile ethanol- containing 
aqueous solutions are preferred. Suitable sterile aqueous 
solutions or physiological saline solution may contain 10 % 
v/v ethanol. A volume of 10 ml of such a solution is used to 
dissolve 100 mg of lyophilised Cinnamoyl-Gly-Phe-ProNH2 , in 
an appropriate medical device for injection. 

Particularly for treating spinal cord injuries and mechanical 
lesions of peripheral nerves, implantation of a material to 
which the compounds to be used according to the present 
invention have been immobilized, is a suitable method of 
ensuring guided nerve regrowth. Different methods of 
immobilization of peptides to a wide variety of materials are 
known (for references, see US 6,156,572). According to the 
present invention, it is thus particularly preferred to 
immobilize the compounds of formula (I) on a biocompatible 
and possibly biodegradable material, such as hydrogels, 
preferably polysaccharide hydrogels, such as agarose, 
alginate or chitosan, or poly (lactide) , polyethylene oxide, 
and hyaluronate. Immobilization methods of the peptides to 
these materials are known to the skilled person and include 
typical activation steps of hydroxyl groups for forming amide 
bonds, such as carbodiimide activation, such as EDC 
activation, or the use of a bi- functional imidazole coupling 
agent, e.g. 1, 1 ' -carbonyldiimidazole . The tripeptide 
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derivatives to be used according to the present invention are 
preferably immobilized at the group R, which is preferably a 
cinnamoyl group. Suitable immobilization reactions include a 
photochemical reaction of the cinnamoyl group with alkenyl 
groups on the immobilization matrix. Particularly useful 
immobilization matrices are disclosed in US 6,156,572. The 
polysaccharides used as matrix may be derivatized using 
alkenyl groups such as cinnamoyl groups allowing the 
photochemical coupling . 

The neuro-regenerative effect of the tripeptide derivatives 
to be used according to the present invention is surprising, 
particularly when administered parenterally or enterally. 
Although the nootropic effect of these substances is known 
from EP 0 316 218 Bl, the finding that these substances do 
not only show a temporary nootropic effect during 
administration, but a permanent nerve regeneration could not 
be expected. 

The neuro-regenerative properties of the tripeptide 
derivatives used according to the present invention will be 
demonstrated in a neurite growth assay. Using this assay, it 
could be demonstrated that the administration of the 
tripeptide derivatives results in a significant increase in 
the formation of neurites . 

Experiment 

The sprouting of nerve cells is determined by the length of 
the dendrites . According to the present invention, the 
influence of the substances used according to the present 
invention on the sprouting is studied in an in vivo assay. 

The septum of the hippocampus of 10 rats was destroyed (see 
Hagg et al; Exp. Neurol., 101, 303-312). 21 days after the 
impairment of the hippocampus was unambiguous, as confirmed 
by a behavioural test, the rats were divided into two groups 



of 5 rats each. 10 mg/per kg bodyweight per day of the 
substance used according to the present invention (Cinnamoyl- 
GFPNH 2 ) was administered to the test group of 5 rats over at 
least 15 days. 

After administration, the animals were killed, and the 
cholinergic nerve ends were observed by a CAT (choline- 
acetyl-transferase) immunofluorescence assay under a 
fluorescence microscope. The length of the dendrites was 
measured thereby. 

In the rats of the control group, a change of the dendrite 
length of up to 2 fim was observed. On the other hand, the 
administration of the substance used according to the present 
invention resulted in an increase of the dendrite length of 
up to 8 to 10 fim in the test group. Hence, Cinnamoyl-GFPNH2 
is a growth factor resulting in the growth of dendrites . 



